
The present invention relates to an optical fiber array having a holding member 
mounted thereto, and having optical fibers arranged and held within predetermined intervals. 
More particularly, the present invention relates to a technique of preventing release or 
delamination of the holding member. 
DESCRIPTION OF RELATED ART 

Conventionally, a fiber array having optical fibers arranged therein and fixed thereto 
is formed as shown in FIG. 4. In FIG. 4, reference numeral 12 denotes a holding member 
that consists of a substrate 13 and a cover plate 15. A plurality of V grooves 14 having a V 
shaped section (housing grooves) are formed on the substrate. Optical fibers (optical fiber 
bare portions) 1 are housed in the individual V grooves 14, and an adhesive is filled in the V 
grooves. Then, the cover plate 15 is positioned on the V grooves to pinch the optical fibers 1 
between substrate 13 and cover plate 15. In this manner, the optical fibers 1 are adhered and 
fixed in the V grooves 14. In addition, reference numeral la denotes a covered portion of the 
optical fibers, where a plurality of the optical fibers la are coupled to one another via a 
covering to form a fiber ribbon 16. 

The holding member 12 is formed by processing a glass plate, for example, with the 

V grooves 14 being formed in parallel on a substrate top which is ground to a mirror face. In 

addition, a space between adjacent V grooves is small so that an adhesive face is widely 

formed at the right and left ends of a bundle of the V grooves in order to ensure adhesion 

between the substrate 13 and the cover plate 15. 
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However, the above described fiber array is often placed under severe outdoor 
environments. That is, the fiber array is subject to temperatures ranging from a high 
temperature of 60 °C to a low temperature of -40 °C. Fiber arrays are also subjected to dry, 
humid and high temperature environments such as desert conditions or the like. The optical 
fiber array is required to maintain constant and proper performance characteristics under such 
severe environments for long durations. However, in the case where the above fiber array is 
subjected to such severe environmental conditions for long durations, there has occurred a 
phenomenon that the substrate 13 and the cover plate 15 fixing the optical fibers 1 in the V 
grooves are released or delaminated due to environmental variations over time. This results 
in the optical fibers being unreliably fixed in the V grooves. 

In an optical fiber array, if an optical axis deviates from a predetermined position, an 
optical transmission loss is increased between this optical fiber and optical part being 
optically connected therewith. Thus, a very high position precision of 0.5 microns or less is 
required to maintain the optical connection. If the above release phenomenon occurs, a 
displacement of the optical fiber occurs, resulting in degraded optical transmission 
characteristics. In addition, an optical fiber may become detached from the substrate housing 
the fiber. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the foregoing problem. It is an 
object, therefore, of the present invention to provide an optical fiber array in which the 
release or delamination of the holding member components is not likely to occur, even under 
severe environmental conditions. Thus, proper optical transmission characteristics are 
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maintained because the optical connection, the optical fibers and an optical part is 
maintained. 

In order to solve the foregoing problems, according to a first aspect of the present 
invention, there is provided an optical fiber array including a holding member that consists of 
a substrate having housing grooves with cross-sectional V shapes formed thereon, for 
housing optical fibers on a top face, and a cover plate covering the top face of the substrate. 
A tip, bare portion of the optical fibers are positioned in the housing grooves and an adhesive 
is supplied between the substrate and cover plate so as to fix the optical fibers in the housing 
grooves. A distance M between a center axis of the housing groove located at an outermost 
radial position among the housing grooves and an end portion of the substrate is 5 times or 
more than the radium of the optical fiber. A distance Y between the substrate and the cover 
plate is L / 6 < Y < L, with Y being the thickness of the adhesive layer and L being a distance 
from a contact point P between the housed optical fiber and the housing groove to the cover 
plate. 

According to a second aspect of the present invention, there is provided an optical 
fiber array wherein a height of a protruding portion of the optical fiber, which protrudes from 
the upperface of the substrate, is substantially equal to the distance Y between the substrate 
and the cover plate. 

According to a third aspect of the present invention, there is provided an optical fiber 
array wherein the distance Y between the substrate and the cover plate is L / 4 < Y < L. 

According to a fourth aspect of the present invention, there is provided an optical 
fiber array wherein the adhesive is epoxy-based. 

According to a fifth aspect of the present invention, there is provided an optical fiber 

array wherein the width of the cover plate is different from the width of the substrate. 
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According to a sixth aspect of the present invention, there is provided an optical fiber 
array wherein a placement face for placing a covered portion of the optical fiber is provided 
in the rear part of a housing groove forming face. A step is provided between the housing 
groove forming face and the placement face, thereby placing and housing the optical fiber. 

The Inventor has discovered the following results through experimental observations. 
That is, the above release or delamination is caused by a thin adhesive layer between the 
substrate and cover plate which spreads outside of the outermost portion of the housing 
groove. Namely, in the case where a circular optical fiber is housed in a V groove, the 
adhesive is contracted during curing which is caused by an adhesive stay portion at the 
periphery of optical fibers (in the housing groove). Also, there is a difference in thermal 
expansion rates between the adhesive and the substrate or between the adhesive and the cover 
plate. Alternatively, increased humidity tends to cause expansion of adhesive materials. 
Accordingly, the stress which is likely to concentrate in portions of the V groove caused by 
the above phenomena cannot be sufficiently prevented through the used of a thin adhesive 
layer. 

A fiber array is fixed between a substrate and cover plate through the use of an 
adhesive, and also tends to be formed in complicated shapes. Thus, there exists a variety of 
stresses which are likely to occur in the fiber array, such as partial or isolated strong stresses 
or a condition of general stress between the substrate and the cover plate. The partial or 
isolated stress tends to occur at a resin stay portion along the periphery of the fibers fixed in a 
V groove, as described above. This is believed to be due to a mechanism in which the stress 
of the adhesive stay portion indicated by A shown in FIG. 5 is applied or transferred to a 
portion indicated by B. If the adhesive layer of portion B is thin, the stress at this position 
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cannot be absorbed, and a release or delamination between the substrate and cover plate 
occurs at portion B. 

For example, if a release or delamination occurs at a portion of the fiber array, such as 
portion B, the entire stress is applied or transferred to this portion and water is prone to 
invade this release portion, which exacerbates the problem and causes further separation or 
release at portion B. 

The present invention is provided in response to the above-discussed problems of 
prior art adhesive layers. The adhesive layer of the present invention can absorb the stress 
concentrated at the above-discussed portions of the substrate, and a release of the optical fiber 
between the substrate is not likely to occur, even under use in severe environments. Thus, 
proper optical characteristics can be maintained. 

Additional objects and advantages of the invention will be set forth in the description 
which follows, and in part will be obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the present invention and, 
together with the general description given above and the detailed description of the preferred 
embodiments given below, serve to explain the principle of the present invention, in which: 

FIG. 1 is an enlarged sectional view of an optical fiber array in accordance with the 
present invention; 

FIG. 2(a)- FIG. 2(h) are photographs showing changes in fiber array adhesive portions 

due to environmental testing conditions, wherein FIGS. 2(a)-(d) are fiber arrays in 
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accordance with the present invention compared to FIGS. 2(e)-(h), which show a 
conventional fiber array; 

FIG. 3 is an illustrative view of a holding member in accordance with the present 
invention as seen in FIG. 2; 

FIG. 4 is a perspective view of a conventional optical fiber array; 

FIG. 5 is an enlarged sectional view illustrating one fiber portion seen in FIG. 4; 

FIG. 6(a)- to FIG. 6(c) show adhesive layer ends of optical fiber arrays, wherein FIG. 
6(a) shows a sectional view in accordance with the present invention, FIG. 6(b) shows a 
sectional view in accordance with another example of the present invention, and FIG. 6(c) 
shows a sectional view illustrating a conventional fiber array; and 

FIGS. 7(a) and 7(b) show side views of V groove rear ends of optical fiber arrays, 
wherein FIG. 7(a) shows a side view of essential parts according to the present invention, and 
FIG. 7(b) shows a side view of essential parts of a conventional fiber array. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the presently preferred embodiments of the 
invention as illustrated in the accompanying drawings, in which like reference numerals 
designate like or corresponding parts. 

FIG. 1 is an enlarged sectional view of an optical fiber array according to the present 

invention, in which: reference numeral 1 denotes an optical fiber (a bare optical fiber); 

reference numeral 2 denotes a holding member that consists of a substrate 3 and a cover plate 

5; a V groove 4 is formed on the substrate 3; and an optical fiber 1 is housed in the V groove 

4. In addition, an adhesive 6a is filled between the substrate 3 and cover plate 5 along the 

periphery of the optical fiber 1 . An opening angle of the V groove 4 is 70 degrees, for 

example. The optical fiber 1 is formed to be 62.5 microns in radius, for example. 
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The V groove 4 is formed such that a part of the optical fiber 1, being housed therein, 
is slightly protruded from the upper face of the substrate 3, and the protrusion length of the 
optical fiber is substantially equal to the thickness of the adhesive layer 6 formed between the 
substrate 3 and the cover plate 5. In addition, a distance M between the center of the housing 
groove at the outer most portion of the substrate 3 and the substrate end (shown in FIG. 3) is 
5 times or more of the optical fiber radius relevant to the radium R of the optical fiber 1 . 

Then, the thickness Y of this adhesive layer 6 is defined as follows, a distance L, 
which is a contact point P between the V groove 4 and the optical fiber 1 to the cover plate 5 
is: 

L / 6 < Y < L . 

If the thickness Y of the adhesive layer 6 exists in the above defined range, as shown 
in the test results described later, the adhesive layer 6 sufficiently absorbs stresses generated 
from the contraction of the adhesive during curing. In addition, adhesive layer 6 sufficiently 
absorbs stresses generated by a difference in thermal expansion rate between the substrate 3 
and the cover plate 5 such that alignment of the optical fibers can be maintained without 
being released from the V grooves, even under severe environmental conditions. 

In addition, from the viewpoint of adhesives, the stress caused by the adhesive 
increases particularly with adhesives having a higher Young's Modulus. For example, in the 
case where an epoxy based adhesive is employed, the Young's Modulus is generally high as 
compared with an acryl based or silicon based adhesive. Thus, the stress is also increased, 
and the adhesive layer structure of the present application is effective. In particular, when an 
epoxy based adhesive having Young's Modulus not less than 2 kgf / mm 2 is used, the stress is 
particularly increased. Thus, the adhesive layer structure of the present application is 
effective. 
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The adhesive used in the present invention denotes one which is used for adhering and 
bonding at least an outer peripheral surface of a bare optical fiber, cover plate and substrate. 
In addition, in order for the optical fiber 1 to come into reliable two point contact with the 
inclined face of the V groove 4, it is preferable that a contact point is moved upwardly with a 
margin of about 10 microns from a theoretical contact point in consideration of processing 
precision or measurement precision. In this case, the above (range 1) is (L - 10 microns) / 6 < 
Y<(L- 10 microns). 

Table 1 compares changes of the adhesive portion of the fiber array during 
environmental testing (boiling test). As is shown in Table 1, the fiber arrays were produced 
to have varying thicknesses Y of the adhesive layer 6. The fiber arrays were soaked in 
boiling water to investigate whether release or delamination of the holding member occurred 
after a predetermined time had elapsed. In Table 1, O denotes a good state in which no 
release of optica! fibers occurred, A denotes a state in which partial release of the optical 
fibers occurred, and X denotes a state in which an extensive release of the optical fibers 
occurred. 
Table 1 
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FIGS. 2(a)-(h) show photographs illustrating the changes to the optical fiber array 
adhering portion due to the environmental tests shown in Table 1 . FIG. 2(a)- 2(d) are 
photographs of Y = L / 2 shown in Table 1 . FIG. 2(e)-2(h) are photographs of Y = L / 8 in a 
conventional optical fiber array. In addition, the holding member 2 of the optical fiber array 
taken as each of the photographs shown in FIG. 2 is schematically shown in FIG. 3. 

FIG. 3 is a plan view of the holding member. As shown in the figure, the holding 
member 2 used in the environmental tests illustrated in Table 1 has three groups of housing 
grooves, each consisting of eight grooves positioned on substrate 3. The optical fibers 1 are 
positioned on the V grooves of substrate 3, adhesive is applied thereon, and then, the cover 
plate 5 is positioned on the optical fibers. The part of the optical fiber 1 that protrudes from 
the substrate (i.e., extending above a plane parallel to top surface of the V grooves) is varied 
by changing the angles of the V grooves. This also functions to adjust the thickness Y of the 
adhesive to a desired thickness. 

In FIG. 2, although there is no change at the 60-hour boiling point in the photographs 
2(a)-(d), there occurs a spot-like pattern on main adhesive faces 8, 8 (shown schematically in 
Fig. 3) of the substrate after 15 hours or more of boiling in photographs 2(e)-(h). 
Additionally, a portion in a different state from a state before boiled occurs between the 
optional fiber groups as well. These sites are where adhesive has been released. From these 
photographs, in the case where the thickness Y of the adhesive layer is L / 8, release has 
already occurred after 15 hours of boiling. That is, when the thickness Y of the substrate is L 
/ 2, no release occurs even after 60 hours of boiling. 

Thus, from the test results shown in Table 1, it can be judged that, as long as a 
distance between the center axis of the housing groove at the outermost portion of the 
housing grooves and the substrate end is 5 times or more of the optical fiber radius; and the 
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adhesive layer thickness Y is L / 6 or more, release of adhesive is unlikely to occur, and the 
optical fiber array can be used even under severe environments. Further, if the adhesive layer 
thickness Y is L / 4 or more, it can be judged that no release of adhesive occurs, and a good 
bonding state can be continuously maintained. 

In the meantime, the optical fiber array is generally formed so that the fibers are 
pressed in the substrate V groove 4 by the cover plate 5. Although optical grinding is applied 
to the tip end face of the optical fiber array, the fiber end face is required to be set to a desired 
angle. Thus, in general, grinding is performed when a side face parallel to the V groove 4 is 
defined as a reference during grinding. At this time, although the side face of the substrate 3 
can be easily processed so as to be parallel to the V groove 4, the cover plate 5 is merely 
loaded on the optical fibers 1. Thus, it is not easy that the side face of the cover plate 5 is 
parallel to the optical fibers 1 . 

Therefore, it is natural that the grinding standard face is on the side face of the 
substrate 3 so that the cover plate 5 should not be at the outside of the right and left of the 
substrate 3 in order to ensure this state. As a measure, the width of the cover plate 5 is made 
smaller than that of the substrate 3, whereby slight displacement can be permitted, thus 
making it possible to apply the cover. 

In this case, as shown in FIG. 6, the adhesive 6a is pooled at a stepped portion C in a 
meniscus manner, which provides an effect of increasing adhesive force. However, in the 
case where the adhesive layer is thin, stresses occurring at stepped portion C caused an 
occurrence of the release of the adhesive layer (the mechanism in which a release occurs is 
similar to that occurring in the V grooves). In particular, this site is situated at the outside of 
the substrate and is subjected to open air. Thus, if a release of adhesive occurs, it permits 
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moisture to easily invade the interior of the substrate, which, in turn, accelerates the progress 
of adhesive release. 

As can be understood from the above, stepped portion C is an important portion that 
prevents a release of adhesive. As shown in FIG. 1, as long as a large adhesive layer is 
ensured, stress does not concentrate, and a release is unlikely to occur. Thus, the present 
invention makes it possible to ensure high reliability in the same manner as that employed for 
the V groove portion. 

FIG. 6(a) is a sectional view illustrating an optical fiber array according to the present 
invention, and FIG. 6(c) is a sectional view illustrating a conventional optical fiber array. 

As shown in FIG. 6(b), even if the width of the cover plate 5 is greater than that of the 
substrate 3, a meniscus-like pool portion is formed at the stepped portion C. The construction 
of the present invention, i.e., a large adhesive layer is ensured, whereby the stress does not 
concentrate, a release does not occur, and high reliability can be ensured in the same manner 
as the V groove portion. However, as described above, the end face of the optical fiber array 
is hardly ground precisely, and thus, the cover plate width is preferably formed to be smaller 
than the substrate width. 

Figs. 7(a)-7(b) show side views of V groove rear ends in accordance with the present 
invention and a conventional fiber array, in which: reference numeral 1 denotes an optical 
fiber; reference numeral 3 denotes a substrate; reference numeral 3a denotes a step; reference 
numeral 5 denotes a cover plate; and reference numeral 6a denotes an adhesive layer. 

With respect to stepped portion 3a, optical fibers are easily damaged by an edge of the 

step. In the case where a release occurs, even partially, at stepped portion 3a, there is an 

apprehension that the damage of the fiber due to the step is further accelerated by the function 

of stress. Thus, it is very important that no release of adhesive occurs at stepped portion 3a. 
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As shown in FIG. 7(a), in the case where a step 3a is provided at the rear end of a V 
groove, which functions to reduce the concentration of the stress applied to the tip end of the 
optical fiber, and a cover portion mount face is provided at the rear part of the substrate by 
one stage lower than a V groove forming face, a large amount of adhesive 6a exists in step 
3a. Thus, the stress at this portion, which is caused by the adhesive, is concentrated in the 
adhesive layer 6 between the substrate 3 and the cover plate 5. In the case of such structure, 
the present invention is particularly effective. 

Further, as shown in FIG. 7(a), a taper is preferably provided at the end at the 
substrate side of the cover plate 5 in order to reduce the stress more significantly. Namely, 
the thickness of the adhesive layer is made gradually closer to the adhesive thickness Y, 
whereby the stress concentration can be further prevented. 

In addition, in the above embodiments, when the optical fibers are fixed by being 
pinched between the substrate 3 and the cover plate 5, the cover plate is abutted against the 
optical fibers such that the thickness of the adhesive layer is equal to the height of the portion 
of the optical fibers which protrude from the V grooves on the substrate. However, as long as 
the optical fibers securely come into contact with a V groove at two points, it may not be 
necessary to abut the cover plate with a portion of the optical fibers. Further, although a 
plurality of V grooves are generally provided on the substrate, even if one V groove exists, an 
adhesive layer can be formed as described above, and good optical coupling characteristics 
can be maintained. 

(Advantageous Effect of the Invention) 

As has been described above in detail, according to the first to fourth aspects of the 

invention, even under severe environments, a release hardly occurs between the optical fiber 

and the substrate or fixed substrate, and good optical characteristics can be maintained. 
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According to the fifth aspect of the invention, in addition to the advantageous effects 
of any one of the first to fourth aspects, the width of the cover plate is different from the 
width of the substrate. Thus, a meniscus-like adhesive pool portion is formed which 
increases adhesive forces. 

According to the sixth aspect of the invention, in addition to the advantageous effects 
of any one of the first to fifth aspects, the stress applied to the tip end of the optical fiber is 
reduced, and a release hardly occurs. 

Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspect is not limited to the specific details and 
representative embodiments shown and described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 
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